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Abstract: The update of the Chilean Seismic Design code for Industrial Facilities will include a 
tailored chapter dedicated to the design of port structures. This chapter will contain recommended 
values for the response modification factor (R) for typical maritime structures configurations. The 
literature to date provides scarce specific references for port structures. Indeed, the particular 
structural characteristics, the soil properties and the effect of the surrounding water are variables that 
play a distinctive role in the structural behavior of wharves when compared to onshore structures. This 
paper describes the in-house analytical framework developed in PRDW to determine the R factor for 
typical wharves configurations in Chile. Initially, a series of monotonic backbone curves for the 
nonlinear characterization of pile-to-beam connection was determined using the finite element 
software ANSYS. Then, the nonlinear characterization (p-y curves) of typical soil profiles for wharves 
was assessed by an expert in the field. Then, the performance of several 2D frames, representing the 
resisting lateral systems, was assessed using both static pushover and response history analyses. The 
initial results show that it is important to account with a specific set of R values to be used on the 
design of maritime structures. 
Keywords: Seismic design, Response Modification Factor, Pile-supported wharves, Nonlinear analysis 
1 Introduction 
Chile is one of the most seismically prone countries in the world, being continuously affected by 
strong earthquakes, and devastated by one of the largest recorded earthquakes in the human era, 
Valdivia 1960. The seismicity of the country is mainly driven by the subduction mechanism that 
occurs between the Nazca and South American plates, at an average convergence rate of 70mm per 
year (Moehle et al., 2010). In fact, the Chilean shoreline is part of the so-called Ring of Fire within the 
Pacific Ocean basin, concentrating and important share of the seismic and volcanic activity across the 
globe (Palermo et al., 2013). 
The latest most destructive event occurred on February 27
th
 in 2010 (27F), in Maule region, 270km 
south of Santiago. A Mw 8.8 earthquake hit the central-south portion of the territory, affecting more 
than 12 million people (Fritz et al., 2011). An economic loss due to earthquake and tsunami was 
estimated as 30B USD which was about 18% of the country GDP at the time (de la Llera et al., 2017). 
The seismic rupture, comprehending a 500 x 150 km area, triggered a latter tsunami, with waves 
hitting more than 500km of the Chilean coastline (Palermo et al., 2013). 
Due to their location nearer to the subduction area, Chilean ports are naturally more exposed to the 
earthquakes and associated perils such as tsunamis. For instance, industrial ports in the cities of 
Talcahuano and Concepción (which concentrate about 10% of the national port capacity) suffered 
significant damage for the 27F. This damage was mainly associated to soil liquefaction, lateral 
spreading, subsidence, container crane damage, pile structural failures and pounding (Brunet et al., 
2012), (COPRI, 2013). Similar damage patterns have been observed elsewhere in the world and in 
more recent events in Chile such as Iquique port failures for the Mw 8.2 earthquake in April 2014, 
(Tomita et al., 2016). Ports are of paramount importance for the Chilean economy, with an estimated 
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future investment for the 2018-2027 period of more than 2500 MMUSD (CChC, 2018). There is a 
clear necessity to develop tools that allow ensuring the resilience and safety of such assets under 
natural hazards. 
In this context, and in recognition to the lack of specific seismic design guidelines applicable for 
port structures in Chile, the Chilean Ports Works Direction (DOP), dependent on the Ministry of 
Public Works (MOP), launched a research project aiming to provide experimental and analytical 
background regarding the seismic behavior of wharves. The initial phase involved the study of 
common pile-supported maritime facilities (DOP, 2013) and the determination of two parameters of 
importance for the seismic design: the damping factor (z) and the response modification factor (R). 
This initiative runs in parallel with the update of the Chilean Seismic code for Industrial facilities 
(INN, 2017) which will include for the first time a specific chapter tailored for the seismic design of 
these kind of facilities. 
Despite the existence of various guidelines and methodologies for the calculation of the R factor in 
typical structures, the literature to date does not include specific references for port structures and the 
majority of the research has been focused on analytical studies to determine the seismic vulnerability 
of these systems (e.g. Chiou et al. (2011), Shafieezadeh et al. (2012), Su et al. (2019)). Indeed, the 
particular structural characteristics, the soil properties and the effect of the surrounding water are 
parameters that may play a distinctive role in the structural behavior of maritime structures when 
compared to typical onshore structures. This paper presents the analytical work undertaken by PRDW, 
aiming to define R factors for common structural typologies used in transparent wharves in Chile. As 
the use of response modification factors is commonly considered in seismic codes worldwide, this 
paper is a first step to establish a framework that can be applied to other typologies and seismic 
environments. 
1.1 Typical Configurations for Pile-Supported Wharves in Chile 
Given the high variability of structural configurations for pile-supported port structures, one of the 
first steps in this study was to establish the most typical configurations of transparent wharves used in 
the country. Table 1 shows the considered common typologies of lateral resisting systems used for this 
study, part of them are also described in the NCh2369 Chilean seismic code update (INN, 2017). It 
must be noted that only 2D analyses were performed, as the main interest of the study was to study the 
nonlinear behavior of the lateral resisting systems of wharves under seismic loads. 
Tab.1.  Common structural typologies for pile-supported wharves in Chile (INN, 2017).  
Representation of lateral 
resisting system 
Description ID TAG Number of FE Models 
 Deck over beams*, supported by 
vertical steel piles conforming rigid 
frames 
A 12 (steel beams), 12 (concrete beams) 
 Deck over beams*, supported by 
concentric pairs of battered steel 
piles in combination with vertical 
steel piles.  
B 12 (steel beams), 12 (concrete beams) 
 Deck over beams*, supported by 
eccentric pairs of battered steel piles 
in combination with vertical steel 
piles 
C 12 (steel beams), 12 (concrete beams) 
 Deck over beams*, supported by 
vertical steel piles conforming rigid 
frames, built over a quarry slope** 
(marginal wharf).  
D 2 (concrete beams) 
* In agreement with typical construction practices in Chile, beams materials were considered as steel or concrete for 
typologies A, B and C; whilst only concrete beams were considered for marginal wharves (D). 
** A typical slope of 56% was considered. 
 
In general, and in accordance with industry experience, typologies A, B and C present a relatively 
regular piles separation. Major variations in height are observed as the structures are built at major 
depths depending on the project plan and site location. Hence, the analytical research considered the 
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generation of structural specimens with a typical pile separation (B) of 5.0m, and a structural height 
(H), measured from the deck level down to the 1 meter below seabed equal to 10, 15 and 20m. The 
typical vertical inclination of raked piles in Chile was considered as 18.4°. The number of bays was 
kept constant at four for all the typologies. 
The typical material properties that were found to be representative of Chilean wharves were 
ASTM A572Gr50 steel for piles, ASTM A36 steel for beams, G-35 concrete (min. cylindrical 
resistance fc’=35MPa) for concrete elements and A630-420H (yielding strength equal to 420MPa) for 
steel reinforcing bars. Foundation soil possibilities were considered as two sandy soils with medium 
and high compactness, and clays with medium and high consistency. The p-y soil springs were 
provided by a soil mechanics expert in Chile. 
2 Methodology for R factor determination: general background 
2.1 Response Modification Factor in Seismic Design 
In general, seismic design guidelines worldwide consider the application of the so-called Response 
Modification Factor to represent the ratio of the forces that would develop in a certain structure 
subjected to a ground motion excitation if the structure had an entirely linearly elastic response to the 
prescribed design forces (FEMA, 2003). The advantage of this method is that it is a linear elastic 
analysis that avoids the need of more complex nonlinear analysis. Refer to Figure 1. 
2.2 R Factor analytical determination 
ATC 19 (Applied Technology Council, 1995) provides a comprehensive discussion of the component 
factors of the response modification factor. The R factor is basically the multiplication of the 
following factors: 𝑅𝑅 = 𝑅𝑅𝑆𝑆 · 𝑅𝑅𝜇𝜇 · 𝑅𝑅𝑅𝑅 (1)  
where RS corresponds to the overstrength factor, 𝑅𝑅𝜇𝜇 to the ductility factor and 𝑅𝑅𝑅𝑅 to the redundancy 
factor. In brief, the overstrength factor is a measure of the strength reserve that the structural 
components have when compared to the strength strictly required by the seismic design forces. The 
ductility factor is a measure of the nonlinear response of the structural system, generally determined 
from the ductility displacement ratio (ratio between a target displacement, usually until a specific limit 
state service, over the yielding displacement of the structure). Finally, the 𝑅𝑅𝑅𝑅 factor accounts for the 
redundancy of the lateral-resisting system of the structure, which for this study was considered equal 
to the unit. More details can be found elsewhere (Applied Technology Council, 1995), (Newmark and 
Hall, 1982). 
This paper compares the results from two methodologies to determine the R factor, namely: (i) 
nonlinear static analysis procedure (NSP), based on ATC 19, and (ii) nonlinear response history 
analysis procedure (NRH), from the methodology presented in (Mwafy and Elnashai, 2011). An 
additional comparison is made between the obtained results and the historical values of R factors used 
in Chile. 
2.2.1 Nonlinear static pushover analysis procedure (NSP- (Applied Technology Council, 1995)) 
The NSP methodology is based on nonlinear static pushover analysis to assess the lateral behavior of 
the structural typology subjected to monotonically increasing displacements, under the assumption 
that the structure deforms following the first modal shape (Freeman et al., 1975). This type of analysis 
is simplified as it does not consider the contribution of higher vibration modes, or the expected 
strength and stiffness degradation found in the real dynamic excitation case. 
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Fig.1. Left: Graphical definition of the response modification factor. Adapted from (Mwafy and Elnashai, 2011). 
Right: graphical example of the determination of the R factor for a particular structure. 
With basis in Figure 1, the NSP methodology comprises the following steps:  
1. Determination of the pushover curves for each one of the typologies, determined until the first 
strength sudden drop or collapse. These curves are graphed in the Top Displacement – Base 
Shear space. 
2. Conversion of each pushover curve to a capacity curve associated with the homologous single 
degree of freedom system. The capacity curve is plotted in the pseudo-displacement (Sd) vs 
pseudo-acceleration space (Sa). 
3. Idealization of the capacity curve to an adjusted bilinear curve until a failure criterion 
considering an equal energy assumption. 
4. Definition of the demand curve, determined from the elastic spectrum from the Chilean seismic 
design code NCh2369 (INN, 2017). 
5. Determination of the design base shear (𝑉𝑉𝑑𝑑) as the intersection between the two curves. 
6. The RS and 𝑅𝑅𝜇𝜇 factors can then be obtained from their definition (see Fig.2). 
2.2.2 Nonlinear response history analysis procedure ( NRH – (Mwafy and Elnashai, 2011)) 
The NRH procedure is quite more computationally demanding than the previous NSP. It involves 
undertaking nonlinear response history analyses of each structural specimen under increasing ground 
motion sets until a target displacement or performance is achieved. The R factor is defined as the 
multiplication of the following factors, homologous to the ones considered in NSP: 𝑅𝑅 = RS′ · Rμ′ · RR′ (2)  
In where RS′ stands for the overstrength factor as the ratio of the maximum base shear corresponding 
to the limit state defined according to the bilinear adjustment of the pushover curve (𝑉𝑉𝑦𝑦𝑒𝑒𝑒𝑒) and the 
design base shear (𝑉𝑉𝑑𝑑), Rμ′corresponds to the ductility factor determined as the ratio between (i) the 
structure’s maximum elastic basal shear with its seismic demand equally scaled as in the non-linear 
case and with its deformation associated with the limit state; and (ii) the maximum base shear (𝑉𝑉𝑦𝑦𝑒𝑒𝑒𝑒). 
Again, in this case, RR′ was considered equal to the unit. More details of the methodology can be 
found in (Mwafy and Elnashai, 2011). R factors obtained with NRH methodology were obtained using 
5 different synthetic acceleration records which were obtained by modifying original records from 
different areas of Chile, to match the seismic hazard level of NCh2369 seismic spectrum with R = 2. 
This decision of the R factor value was made based on multiple predesign iterations, until reasonable 
dimensions of the structural elements were reached. 
To obtain the scaled demand in the NRH analysis associated with the limit state, the top 
deformation of the structures was used as the monitored parameter and was matched with the 
deformation obtained in the NSP analysis with a tolerance of ± 5%. Section 4.1 addresses the 
verification of the plastic hinges performance. 
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3 Analytical determination of R factors in typical pile-supported wharves in Chile 
3.1 Basis of design for each structural specimen 
The total number of models to have a fair representation of all the considered typologies, materials 
and soil p-y springs combinations was 74 (see Table 1). Each structure was designed only for 
gravitational (e. g. self-weight, live loads, gantry crane reactions for the case of the marginal wharf) 
and seismic loads (determined from NCh2369, using an initial R factor for pre-design equal to 2.0 and 
a critical damping ratio of 5%). Some other loads that may control the design (e. g. berthing, mooring, 
construction loads, among others) were neglected. The purpose of this was to guide the design 
towards a purely seismically controlled one, eliminating from the design procedure some additional 
overstrength factors as other loading types, lateral displacement restrictions, etc. Differentiation in the 
surcharge values due to live load was considered in accordance with the expected use of each 
typology: 1.0 ton/m
2
 for typologies A to C and 2.5 ton/m
2
 for the marginal wharf. The seismic mass 
was assumed to be 100% of the dead load and 25% to 10% of the live loads, depending on the 
structural typology. 
The design of piles for each specimen was based on the API RP2AWSD standard (API, 2014) with 
a 33% of increase on the allowable strength  for seismic design and a target utilization ratio (UR) 
equal to 1.0. In terms of the piles sizing, the criterion of drivability was used to determine the 
minimum piles thickness whereas the minimum considered diameter was 9” (22.86 cm). Beams 
design was based and the allowable stress method presented in AISC 360 code (AISC, 2016), limiting 
the maximum utilization ratios to 80% as per the seismic design philosophy given in NCh2369 (strong 
beam – weak pile). Concrete beams were designed as per LRFD methodology from ACI 318-14 (ACI 
Committee 318, 2014), following the same design philosophy as steel beams. 
3.2 Finite Element Models 
The software SAP2000 (CSI, 2016) was used to build every 2D FE model using concentrated 
plasticity models to represent the expected nonlinearity on structural elements when subjected to 
increasing ground motions. In particular, besides the non-linear representation of the soil-structure 
interaction via p-y springs; piles and beams plasticity was modeled through the use of plastic hinges in 
bending near the elements ends, following the recommendations for backbone curves from ASCE/SEI 
41-17 (ASCE, 2014) in the case of beam elements. Figure 2a presents an example of the main features 
for the FE model corresponding to typology C (this feature applies for the other typologies). 
Particularly, Figure 2b shows the modeling approach for pile-to-concrete beam and pile-to-steel beam 
connection together with the pile soil interaction. 
 
 
Fig.2.  (a): Modeling approach for steel pile to steel beam connection. (b): model of the piles soil support and its plastic 
hinges. (c): modeling approach for concrete plug in steel pile-to-RC beam connection. 
From Figure 2, one can note that the concentrated plasticity in piles ends was simulated by means of 
hinges acting in bending and axial force. The particular case of piles, which are predominantly made 
with hollow steel tubes in Chile, demanded a specific FE analysis in ANSYS software (ANSYS Inc., 
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2019) to determine their backbone curves under axial and bending effects as these are not available in 
the literature to date. Cantilever piles were subjected to incremental lateral displacements until failure 
of the lower end (Fig.3a). The rotation and bending moment of the base section were recorded 
throughout the monotonic analysis and backbone curves were derived to characterize the nonlinear 
behavior of the connection (Fig.3b). 
From the analysis of 216 models in ANSYS with axial force levels equal to 0%, 20% and 50% of 
the pile axial yielding strength Py, correlation surfaces were derived showing the relationship between 
a = ductility related parameter, kL/r = global pile slenderness and D/t= local pile diameter-thickness 
ratio (Fig 3). This allowed covering all the possibilities of pile plastic hinges required in the FE 
models previously described. Figure 3c shows the regression curve for 0% of the axial load capacity 
of the pile. 
 
   
Fig.3.  Left: Example of ANSYS. Center: Backbone curve vs FE results. Right: Correlation surface for 0% of Py. 
3.3 Assumptions and considerations for non-linear analyses 
Both NSP and NRH incremental analyses were carried out considering a failure criterion in agreement 
with the seismic design philosophy presented in the update of NCh2369, that is to say, to control the 
nonlinear incursion in the steel piles at 2/3 of the local ductility in the first plastic hinge occurring at 
each model. It is highly likely that when subjected to real ground motions, wharves exhibiting this 
condition will not evidence collapse. Under this failure criteria, the R values to be determined are 
deemed to be conservative, as the structural performance for these wharves under seismic hazards 
compatible with the Chilean case is expected to be nearly elastic; being the structures capable to 
dissipate much more energy until collapse or lack of operation. 
Geometric non-linearity in both the pushover analysis and non-linear time-history was accounted 
considering the P- Delta effect without large deformations in the analysis in SAP2000. For the 
pushover analysis a force equilibrium convergence tolerance equal to 0.01 [-] was used. The control of 
displacements was used considering the option "Monitored Displacement", except in cases where 
there were difficulties with the convergence of the pushover analysis, in which the option "Conjugate 
Displacement" was used, as per (CSI, 2016). 
The following actions for the control of the solution were considered in both NSP and NRH 
analyses: 
• Event-to-event Stepping: Load iterations were automatically subdivided when significant 
changes in the stiffness of the non-linear elements occurred. Tolerance: 0.01 [-]. 
• Iteration: Several iterations were used to ensure that balance was achieved at the end of each 
time step. Tolerance: 0.0001 [-]. 
• Use Line Search: This algorithm was used to increase the efficiency of the equilibrium 
iterations by scaling the increment of the solution in a trial and error way to find the smaller 
imbalance. Tolerance: 0.1 [-]. 
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4 Results and Discussion 
4.1 Nonlinear elements performance 
For every NSP and NRH analysis, the proper behavior of the nonlinear models chosen for the 
structural elements (plastic hinges) was assessed by tracking their records throughout the analysis. 
Figure 4 compares the backbone curve with the NRH response of three example cases. 
 
 
Fig.4.  Left: Steel pile, isotropic hysteresis. Center: Steel beam, kinematic hysteresis. Right: Concrete beam, takeda 
hysteresis. 
From the observation of Figure 4, it can be noticed that there is an adequate match between the peak 
rotation reached by the components in the NRH analysis and the expected performance point of the 
plastic hinges (which was the same for the NSP methodology). This behavior can be observed on the 
other structures analyzed in this study, confirming the validity of the incremental analyses. 
4.2 R factor values for Chilean pile-supported wharves common typologies 
Figure 5 summarizes the R factor values obtained from the NSP analysis in accordance with the 
considerations and limitations shown in section 3. The different values of 𝑅𝑅𝜇𝜇 and 𝑅𝑅𝑆𝑆 are also shown 




Fig.5. Response modification factors results obtained from NSP methodology. Where HB=structural height and pile 
separation ratio, SA= highly compacted sand, SM= medium compacted sand, CA=high consistency clay, CM= 
medium consistency clay, Eq. +/-= Case where the structures largest deformation is towards the sea (+) and the 
land (-) respectively. 
Figure 6 depicts the average R factor values obtained with the NRH analysis and their standard 
deviation. As in NSP results, the different contributions between 𝑅𝑅𝜇𝜇 and 𝑅𝑅𝑆𝑆 are numerically presented. 
 
 
Fig.6.  Response modification factors results obtained from NRH methodology. 
From the observation of the summarized results in Figures 5 and 6, in general there is a noticeable 
contribution of the overstrength factor implicitly contained in the response modification factors. This 
applies to almost every analyzed structure, independently of the analysis methodology, i. e. NSP or 
NRH. However, this is compatible with the selection of this study target performance points following 
the NCh2369 philosophy which limits the nonlinear incursion of industrial structures in Chile. 
Overviewing the analyzed typologies, it can be brought out the following: 
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• Typology A: The design of these structures is rather controlled by the piles slenderness 
limitations than seismic forces. Therefore, the performance occurs on the lower part of the 
elastic branch of the capacity curve. This in turn results in overstrength-controlled behavior 
• Typologies A and C: R factor was affected by the change of material and section of the 
beams, which together with the concrete plug, affects directly to specific characteristics of 
the structures. This generated, in the case of typology A, greater 𝑅𝑅𝑆𝑆 factors due to the 
concrete beams lower yield moment, which directly decreases the 𝑉𝑉𝑦𝑦𝑒𝑒𝑒𝑒 value and therefore 
the R factor. On the other hand, greater concrete beams where obtained from the design on 
the typology C and together with the effect of the concrete plug in the piles, the effective 
length of the piles is decreased and caused a stress increment and therefore an early failure 
in the structures with concrete beam in comparison with the homologous steel beams 
structures, for the same top displacement value. This is directly related with the decrement 
of the 𝑅𝑅𝜇𝜇 factor for the concrete beam frame. All of the above implies that depending on the 
designer judgement, some structural elements may get strengthened or weakened 
conveniently to obtain different values of R factors. 
• Typology B: This typology exhibits a fragile failure due to the shear strength mechanism of 
the upper beam portion between the adjoining piles. The R value is based uniquely on the 
overstrength provided by the design. This is an undesired characteristic from the seismic 
performance point of view and therefore the use of this typology is not recommended for 
seismic scenarios. 
• Typology D: There is a small difference in the outcome of the R factor if the NSP or NRH 
maximum deformation is performed in direction towards the sea or towards land (Eq. + and 
Eq. – respectively, see Fig.5 and 6), due to the effect of the slope of the ground, which 
activates only superficially when the piles move towards the land. Thus, as there is 
uncertainty about the structures maximum displacement caused by the upcoming 
earthquake, the lowest R value should be considered.  
4.2.1 Comparison with typical R factors used in consulting industry in Chile 
Historical wharves design in Chile have been subjected to several seismic events of considerable 
magnitude in the recent years. In general, the designed structures have behaved satisfactorily, even in 
those cases in which the actual demand of the earthquake has been similar to the design demand (e. g. 
Mejillones earthquake of 2007). In all cases, the NCh2369 philosophy has been accomplished in terms 
of the continuity of the industrial operation. Table 2 presents a summary of the mentioned cases. 







ξ (%) R Year Mw Commentary 
2007 Wharf 2 A, Arica Port 5 4 C 2014 8.2 No damage 
2003 Site 4, Iquique Port 5 5 D 2014 8.2 2005 and 2014 earthquakes 
1997 Patache Coal Unloading 
Site.  
5 3 B 2014 8.2 2005 and 2014 earthquakes, no 
damage 
2009 Mejillones Bulk Northern 
Terminal 
5 4 B 2007 7.7  
2005 Mejillones Acid Wharf 5 3 B 2007 7.7 No damage 
2000 Angamos Port, sites 1 
and 2 
5 3 C 2007 7.7 No damage 
2007 LNG Wharf, Mejillones 5 2 C 2007 7.7  
2004 Antofagasta Port, Sites 4 
and 5 
5 5 D 2007 7.7 No damage 
2006 LNG Wharf Quintero 5 1 C 2010 8.8 Fadm= 0.95Fy, no damage 
2006 Coronel Coal Unloading 
Wharf 
3 3 B 2010 8.8 No damage 
2009 Chollin Wharf, Coronel 5 4 B 2010 8.8 No damage 
* Damage caused by lateral spreading on the first piles of the pier. 
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The analytical research program shown in this paper has resulted in R factors, in general considerably 
different than the historical R factors used the industry practice in Chile, which have not been 
thoroughly examined and are a consequence of expert opinion rather than analytical or experimental 
research. This difference is mainly due to the overstrength achieved and the limited nonlinear 
incursion of all the analyzed typologies, for seismic demands compatible with the NCh2369 seismic 
design code. 
From the average analytical results of this study, we can recommend designing with R factors 
equal to 7.5 on the steel beam frame and 4.0 on the concrete beam frame for typology “A”, 2.0 on 
both materiality of the beam for typology “B”, 4. 0 on the steel beam frame and 3.5 on the concrete 
beam frame for typology “C” and 3.0 for typology “D”.  
5 Conclusion 
This study has been pioneer in the analytical determination of seismic response modification factors 
for port structures consisting on transparent wharves and is part of an ongoing collaborative project 
between Chilean public entities, industry and the academia. In this sense, the analytical results 
presented here will be compared with experimental results from scale models. The framework 
implemented (both NSP and NRH) will also be valuable for the evaluation of new and existing port 
structures, contributing with tools to carry out vulnerability assessments or performance-based designs 
for this type of industrial facilities. This is encouraging in the context of Chile, a country that has been 
impacted by large seismic events, suffering interruptions in several of its ports together with the 
associated economic losses. 
From the analytical results, it has been possible to conclude that the pushover (NSP) analysis, 
although being a simplified approach to determine the R factor in structures (as it leaves aside the 
dynamic behavior of the structural elements, including strength and stiffness cyclic degradation and 
focuses on the first modal shape of the structure), is an useful tool to have a fair approximation of the 
overstrength and ductility features of transparent wharves. This is mainly due to the fact that these 
types of piers are in general comparable to single degree of freedom systems, in where contribution of 
higher modes of vibration is in general not relevant. 
From both NSP and NRH analyses, the contribution of the overstrength is considerably greater than 
the ductility in the determination of the R factor (note that the base shear performance point of the 
structures analyzed on this study were always located at the elastic branch of the idealized capacity 
curve). It is likely that real wharves will exhibit even larger strengths than the assessed typologies, due 
to the effect of other variables in the design such as loads other than gravitational and seismic, lateral 
displacement restrictions, construction requirements, among others. The above suggests that in general 
the Chilean transparent wharves should present an elastic behavior when subjected to seismic 
demands comparable with the hazard level from design codes. 
From the results of this study, the R values are deemed to be representative and conservative for 
the assessed typologies. This analytical investigation represents a first step in this particular topic, and 
further research is necessary to corroborate and adjust these results. Among the possibilities, it is 
possible to list:  
• Consideration of a greater number of variables to increase the sample size and 
representativeness of the study: ground motion records for NRH analysis, variation of 
geometries, different value of damping ratios. 
• Assessment of the overstrength effect of different load types other than gravitational and 
seismic over the R factor: mooring and berthing, construction loads, etc. 
• Allow the possibility of plastification in the pile-concrete beam interface. 
• Comparison with experimental results. For instance, in the backbone curves used to model 
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